Summary A cytological plant type showing impairment of homologues (desynapsis) has been spotted in M 2 population of Nigella sativa L. (black cumin) following exposure of dry seeds (moisture content 5.00%) to cadmium sulphide nanoparticle (CdS-NPs) treatments (0.25 µg mL 1 , 3 h). Present investigation highlights the effective potentiality of CdS-NPs in inducing desynaptic mutant, a pioneer report of its type.
The phenomenon of desynapsis is due to the falling apart of synapsed homologues or the inability to generate or retain chiasmata (Li et al. 1945 , Reiger et al. 1968 . Riley and Law (1965) suggested synaptic mutant for desynapsis. Kaul and Nirmala (1993) proposed the term dys-synapsis, where normal synapsis is absent or impaired. Gottschalk and Kaul (1980) , Koduru and Rao (1981) , Kaul (1988) among others suggested the role of environment and genotype-environment interaction for pairing defects. Desynapsis has been reported both in natural (Poddar et al. 1998 , Maity and Datta 2009 , Mandal and Datta 2011 and mutagen (conventional) induced (Chao et al. 1960 , Dyck and Rajhathy 1965 , Ahloowalia 1969 , Swietlinska and Evans 1970 , Bozzini and Martini 1971 , Gottschalk and Baquar 1971 , Palmer 1974 , Gottschalk and Kaul 1980 , Sadanandam and Subhash 1983 ) plant species of different phylogenetic origin including Nigella sativa L. Biswas 1985, Rang and Datta 1999) . Apart from academic interest, significance of desynaptic mutants had been emphasized in the production of aneuploids (Soost 1951 , Burnham 1962 . Halder et al. (2015a Halder et al. ( , 2015b reported that copper (Cu) and cadmium sulphide (CdS) nanoparticles (NPs) can induce stable, heritable phenotypic variations ( plant type macromutation) with normal meiotic chromosome behavior in Macrotyloma uniflorum Lam (Verdc). Furthermore, Kumbhakar et al. (2016) are of opinion that Cu-and CdS-NPs possess mutagenic potentiality. Therefore NPs, small atomic aggregates with unique opto-physical properties and possessing at least one dimension ranging from 1-100 nm (Roco 2003 , Remédios et al. 2012 , Masarovičová and Kráľová 2013 , mediated research is opening new vista in induced mutagenesis. With the view to it, mutation programme has been undertaken in N. sativa L. (black cumin) following the application of Cu-and CdS-NPs and the present communication describes a plant with desynaptic behavior of chromosome in CdS-NPs treated population. N. sativa is a spice yielding plant of commerce and also possesses immense therapeutic uses .
Materials and methods

Seed samples
Seeds (moisture content: 5.00%) of N. sativa L. were procured from the Medicinal Plant Garden, Narendrapur, Ramkrishna Mission, West Bengal, India.
Treatments
Dry seeds of N. sativa were exposed to different doses of CdS-NPs (0.25, 0.50 and 1.0 µg mL 1 , 3 and 6 h durations).
CdS-NPs were synthesized by wet chemical precipitation methods (Halder et al. 2015a ) and opto-physically characterized for its nano-standard quality (Kumbhakar et al. 2016) . The nanosuspension used in the present investigation had a size range of 37.8 10.7 nm (from dynamic light scattering) and cubic to spherical in nature (field emission scanning electron microscopy) (Kumbhakar et al. 2016) .
Raising of plant population and screening of the marked plant
Fifty seeds from each lot of treatment along with controls (dry and bulk CdS control without the capping agent sodium dodecyl sulphate) were sown (during the period from late November to mid April 15, 2014 April 15, -2015 in the experimental field plots of Department of Botany, University of Kalyani, Nadia, West Bengal to raise M 1 plant population. Selfed seeds of each M 1 surviving plant were harvested and subsequently sown in the following M 2 generation (2015) (2016) in plant to row (15 cm between plants and 25 cm between lines). During routine meiotic analyses of M 2 plants, a desynaptic mutant was screened from 0.25 µg mL 1 , 3 h treatment. The mutant did not show any phenotypic variation than normal plants.
Meiosis
Floral buds of suitable sizes from the marked plant and controls were fixed (between 5:00 a.m. to 6:30 a.m.) in acetic alcohol (1 : 3 v/v) overnight and preserved in 70% alcohol under refrigeration. Pollen mother cells (PMCs) and pollen grains obtained from the anther squash preparations were stained in 2% aceto-carmine solution. Fully stained pollen grains were considered as
Figs. 1-12. Meiotic configurations at diplotene-diakineis (1-4), metaphase I (5-10), anaphase I (11) and anaphase II (12) of
Nigella sativa (n= 6). 1) normal pairing. 2-4) pairing anomalies. 5) 6II. 6) 5II+2I. 7) 4II+4I. 8) 3II+6I. 9) 2II+8I. 10) 1II+10I. 11) 6/6 separation of chromosomes. 12) AII with a laggard. (univalent , bivalents , laggard ). Scale bar =10 µm.
Cadmium Sulphide Nanoparticles Induced Desynapsis in Nigella sativa L. (Black Cumin) fertile (Marks 1954) . Diplotene-diakinesis, metaphase I (MI) and anaphase I (AI) cells were scored for analyses. Anaphase II (AII) cells were also recorded. Photomicrographs were taken from suitable preparations.
Results and discussion
Meiotic analysis reveals 2n=12 (Figs. 1-12 ) chromosomes always both in controls and in the marked plant. Variable chromosome associations are recorded in the marked plant at diplotene-diakinesis (Figs. 1-4) and 53 meiocytes at MI). In the marked plant, average chromosome association per cell is 4.76II+2.47I at diplotene-diakinesis and 4.68II+2.63I at MI. Chaisma per cell is recorded to be 5.34 0.18 at diplotene (dry control: 7.83 1.24; bulk CdS control: 9.64 0.22) and 6.01 0.26 at MI (dry control: 7.33 0.88; bulk CdS control: 6.40 0.18). Univalents noted are randomly (both polar and equatorial) distributed in the cell irrespective of the number of bivalents per cell (Figs. 6-10 ), thereby corroborating John and Lewis (1965) . However, Öster-gren and Vigfusson (1953) opined that orientation of univalents is polar when bivalents are few and equatorial when they are more. Enhancement in univalent frequency with concomitant reduction in chiasma per cell in both diplotene-diakinesis and MI cells of the marked plant is suggestive of falling apart of the synapsed homologues. Such a plant type can be referred to as desynaptic mutant. The desynaptic mutant induced following CdS-NP treatment is medium-weak type as per classification proposed by Prakken (1943) .
AI segregation of chromosomes in the mutant is nearly (93.10%; 58 PMCs scored) equal (6/6: Fig. 11 ) to the controls (dry control: 100.0%, 56 cells scored; bulk CdS control: 100.0%, 44 PMCs studied). Rarely, the mutant shows unequal chromosomal separation (5/7: 3.45%) and laggard (5-1-6: 3.45%) formation. AII cells in the mutant are mostly cytologically balanced (93.33%; 45 cells scored). About 6.67% cells show one to two laggard(s) (Fig. 12) . AII cells are always cytologically balanced in controls. Pollen grains fertility in the desynaptic mutant is 68.23% (149 pollen grains scored) compared to 97.15% in dry control (360 pollen assessed) and 92.23% in bulk CdS control (296 pollen grain analyzed).
Meiotic configurations of the desynaptic mutant suggest that univalents formed during the course of male meiosis are randomly distributed to their respective poles followed by restitution at AII. This possibly restored relatively high pollen grains fertility. However, the mutant yields no good filled seeds. Seed formation is a result of cumulative effects of important processes like sporogenesis, pollination, fertilization and embryogeny and all the events are genetically controlled.
Conclusion
CdS-NPs have possibly affected the programming of synchronous gene(s) functioning during the process of male meiosis resulting in impairment of homologues. Therefore, it signifies that similar to conventional mutagens, CdS-NPs can also induce desynaptic mutant, a pioneer report in nanoscience research.
